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1. s-ry 

This is a summary of the working group on 
structure functions. The members of the working 
group were 

J. c. Collins, Illinois Institute Of Technology; 
s. Loken, University of California, Berkeley; 
J. 0. Morffn, Fermilab; 
J. F. Owens, Florida state University; 
wu-Ki rung. Illinois Institute Of Technology; and 
0. s. Tzanakos. Colombia University 

Typically, pdf meas(lrements haYe covered the 
kinematic range 0.05 ‘ x ‘ 0.7 and Q2 ‘ 200 
(&V/C)2. This matches well with the range Of 
parton mOme*tum fractions and momentum transfers 
which are required for various hard scattering 
calculations such as hw-PT scattering, heavy 
resonance production, etc. With the advent Of the 
SC, however, one is dealing WiLlI a whole new kine- 
matic region. For example, the Q2 range will easily 
extend up to 108 (Gev/c)Z or more and the required x 

values may range down to lo-' or less. Especially 
at such Small x value*, the relevance of the parton 
picture rust be questioned. F"rthermore, there is 
the question of tile scaling violations which are 
calculated using, for example, the Altarelli-Parisi 
evolution equations. These questions were studied 
by a number of people in various working groups and 
detailed reports on their findings are contained in 
these pPJCedi"gS. Two paints are worth 
emphasizing, however. me qUestion of the relevance 
of the parto" model approach at low x and high Q2 
was the main point of focus for the Small x working 
group. Their conclusion. based in large part on tile 
worr of Ref. 1, is that one can indeed safely use 
the parton model approach eYen down to the region 
x - 10-r - 10-3, i.e., the region re1event for 
calculating w production pmCeSSeS. With this 
conclusion f" hand, one the" has to face the problem 
of obtaining accurate solutions Of the evolution 
equations for small x and high Q2 values. Wu-Ki 
Tung has studied these problems in detail and his 
report is contained in these proceedings. 

2. Scaliog "iolatioos io Hard Scattering Processes 

"ntil recently the logarithmically varying Q2 
dependent scaling violations predicted by QCO had 
been observed only in deep inelastic 1epton nucleon 
scattering in a Q2 
(C8iCl2. 

range extending up to about 200 
Recently, however. new data on high-pT 

jet production fro? the CERN spps collider have 
became available. 2 3 Both the "A-L and UA-2 
collaboraLions have reported analyses of di-jet 
PrOduCCio" in which they Obtained lQeas"reme"ts of 
effectiw srructure functions which are given, 
approximately, by linear combinations Of tile "S"S2.l 
quark and g1uon distributions. Basically, if one 
measures both of the opposite side high-pT jets, 
then rhe kinemarics of the underlying parton-parton 
scattering can be recansLr"cted on an event-by-event 
basis. one can the" measure the angular diSt*i- 
bution Of the partan-parton scattering in the 
parton-parran center-of-momentum frame. In 
principle, the cross section is given by a sum over 
all possible parton-parton subprocesses 

doidxadxbdcos~ = ~bGa,,(x,.Q2) Cb,s(xb.Q2) (1) 

do/dcosNab*jj). 

HOYeY.r, it was noticed by the authors of Ref. 4 
that the angular distributions of the dominant 
subprocesses were very similar in shape owing to the 



presence of a t-channel pole in each. Thus, to a 
fi1st approximation, the angular distribution can be 
*acrareci nut of the SUnI. Next, they observed that 
the remaining SYmmati”” can be replaced by the 
product Of two effective distribution functions 
defined as 

F(x,Q*) = x ( G(x,Q2) + 4/9[Q(x,Q2) + O(x,Q2)1 } . (2) 

me factor of 4,9 is from the ratio of color factors 
and reproduces the correct result in the limit of 
COSBlfl, which is the region which dominates the 
cross SeCtio”. 

I” the analysis of Ref. 2 a multiplicative ‘X 
factor” was included in Eq. (1) in order to 
approximare1y take into account possible higher 
order effects. A value of K=2 was used by the “A-1 
group for the dtermination of F(x,Q2) whereas K-l 
was used in the “A-2 analysis.3 mere is some 
theoretical motivation ior such a factor. A”ro”iou 
et al.5 have calculated the %3 corrections to the 
two-body subprocesses in the soft g1uon 
aproximation. Their results give a value Of K - 1.6 
ior the dmninant gg and gq subprocesses. It has 
been shown that in some instances these terms yield 
a reasonably good approximation to the full 
corrections. However, there is no way to know this 
in advance and a detailed higher Order calculation 
is required in order to check each case 86 is 
discussed, for example, in Ref. 6. 

I” Fig. I, the experimental results from borh 
collaborations for F(x,Q2) are shown along with come 
predictions based upon the distributions from 
Re 

5. ‘. 
The “A-1 results have been lmltiplied by 

21 * in order to remove the effect of the K factor 
used in their analysis. The dashed curve corre- 
sponds to the input distributions’ of set 1 tn = 200 
Me”,c) evaluated at Q2=4 (CeV/c)* whereas the lower 
solid curve was obtained using Q~ZOOO (W,/C)~. 
me Ies”lf Of including an overall K facto* Of 1.6 
is shown by the upper slid curve. The effect of 
the calculated scaling violations is quite dramatic 
and the Q2 dqendence is clearly required in order 
to describe the shape of the data. This comparison 
confirms, at the leading logarithm level, the 
relevence of the concept of universal parton 
distributions with characteristic Q* dependences 
which may be calculated independently of the hard 
scattering process. In addition, the average 
angular distribution Obtained for the part”“-part”” 
subprocesses agrees well with the expectations based 
on QCD as is shown in Fig. 2. Finally, it is well 
known that the leading logarithm QCO predictions are 
in good agreement with the latest single inclusive 
jet production data as can be Seen in Ref. 8. me 
overall picture based on these new results serves f” 
enhance the confidence that one can have in the QCD- 
parton model approach to calculating cross sections 
for hard scatrering processes. 

It is encouraging to note that the pattern of 
scaling Yiolations appears to be correct afrer 
extrapolating OYer approximately one order “f 
magnitude in Q2. Calculations of hard scattering 
processes at the ssc Wfll call far an extrapa1ation 
over an additional three orders of magnitude. 
However. clue to the logarithmic nature of the 
scaling “iOktiO”8. ctte additional changes in 
F(x,Q2) are less dramatic than at the lower Q2 
values. iJOT comparison, the dotted curve in Fig. 1 
shows the prediction for F(x,Q2) at Q2 = ICTeV/c)2. 
In this range of Q2 the most dramatic effects are at 
x values too small fO be seen clearly on the scale 
used I” the figure. It will, furthermore, be a 

severe challenge for experimenters to accurately 
measure the ultra low x strucrure function behavior. 

me method Of analysis discussed in this 
section is capable of providing useful information 
on the parton distributions (primarily that Of the 
gluons) at small values of 7.. The primary lirni- 
tation at this time is the lack Of detailed higher 
order calculations *or the relevant subprocesses. 
Nevertheless, one can anticipate Obtaining quali- 
tative information concerning the evolution Of the 
parton distributions using this technique. 

3. ueasur-ors of * 

The nm6t precise information available to date 
for the parton distributions in nucleons has come 
from the study Of deep inelastic lepton-nucleon 
BCatteri”g. The available data show the pattern of 
scaling violation expected 0” the basis of Qco. I” 
addition to providing measurements of the pdf’s 
themselwe, these data have ale.7 maLIe possible 
estimates of the QCO scale jmraaeter A, both in 
leading and next-to-leading order. The results 
indicate that ALO * 200-300 iP$v6,;yt ;;yl”;,:P’“ff 
large uncertainty which, 
dominated by systematic err”r-6. The determination 
of ,, In deep inelastic scattering is discussed in 
detail9 while the determination of .3 in genera1 has 
been recently reviewed. ‘0 

At the energies presently available, measure- 
ments of F alone, as Obtained from electron or muon 
““clean de& inelastic scattering, are insufficient 
for B precise determination of h. This is due, in 
P-t, to the correlation that exists between the 
glum distrfbutio” and the fitted value of A. A 
harder g1uon distribution results in a larger value 
of ,, and vice versa. Within a rather broad range of 
n values the quality of the various fits is ““- 
changed. There are several ways 0°C of this 
dilemma, fix most straightforward Of which is tc’ 
have high BtatiStiCS data 0” the “onsinglet str‘Uc- 
ture function XF as measured in neutrino nucleon 
scattering. dint day analyses are still statis- 
tics limited. Although this situatirx is expected 
to im~r‘ove 86 additional data are accumulated, the 
currently ap,m,ved “eutrino programs in both Europe 
and the U.S. will pmbably ““t yield sufficient 
statistics to allow a” accur.ste determination of n 
with XF3. 

*“Orher way of reducing the errors 0” h is to 
utilize a larger range in Q2. A fixed target 
program at the ssc with lepton beams would greatly 
extend the range of Q2 over that obtainable at other 
fixed-target facilities. It would, in fact, be 
canparable to that expected at HERA. The SSC fixed- 
target facility would have certain advantages “ver 
an ep facility such 86 HERA among which are: 1) 
the nwnber of available beam types would be larger 
therefore enabling B greater variety of measurements 
to be made; 2) a fixed-target facility could 
inmediately employ isoscalar targets which facili- 
tates the extraction of the structure iunctions; 
ERA would have to be able to accelerate deuterons 
to use this isoscalar advantsge; and 3) the 10.5s of 
particles down the beam pipe Will result in large 
smearing COrreCtl”“S and large systematic errors for 
the HER.4 detectors. A detailed Study of the 
relative merits of 8”Ch a fixed-target option has 
been performed and included in the proceedings of 
tile Texas Fixed Target Workshop. current analyses 
are limited t” Q2QO0 (&V/C)~ whereas with the 
fixed-target option the upper limit of the useful Q2 
range would be exrended to approximately 15,000 
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(Ce”,c)*. Being able CO reach higher values of Q* 
also allows t.lle experimenters to increase the lower 
Q* bound and thus to further reduce the importance 
Of higher twist effects. I” Ref. 7 two sets of 
parton distribution parametrizations were given, 
corresponding to A=300 and 400 MeYlc. and referred 
to as Set 1 and Set 2, respectively. Figure 3 shows 
predictions for F at several values of x for these 
two sets Of distr butions. 1 At the highest Q* value 
show” there is approximare1y a 10% difference 
between the two C”r”eS. This Shows the level Of 
combined systematic and statistical errors that must 
be reached in order to reduce the level of 
uncertainty in h. A detailed discussion Of eYe”t 
rates and the systematic errors expected from a 
ty,dcal fixed-target detector is described in a 
separate report’5 from the fixed-target working 
group. I” brief, it was found that event rates, 
which will depend on the type Of extraction scheme 
employed and the type of beam used, will range from 
15000 co over 220000 neutrino events per week for a 
10 ton neutrino detector and from 1.5 to L5 times as 
many lmlon eYe”ts (in a lom D carpet) *s HERA will 
produce per week with I. = 5~10~~. As far as 
systematic errors are concerned, taking a typical 
man experiment with calorimetry, over the entire 
x .-y plane the shift in x and Q* should be less 
t A” t 5x10-3 and the resolution in x and Q* will be 
of the order of 2%. This is superior to tile capa- 
bilities of the HERA detectors presently envisioned. 

Determinations of n are not limited to deep 
inelasric scattering processes, of course. HoWeYer, 
in order to determine h in a meaningful way using a 
number of different processes, the next-to-leading 
order calcularions for them must be done. TO date, 
complete calculations have beeen *one for dilepton 
production,‘* high-pT direct photon pr~ductlan,~ and 
gauge haso” productionl3 in addition tc’ deep in- 
elastic scattering.‘* Thus, eYe” WithOUt the fixed- 
target option there Will SCill be possible methods 
for determining ,,. 

I” deep i”daStiC scattering it is the 
derivative of the structure function with respect to 
the logarithm of Q* which is proportional to as and 
which, cherefare, provides an ‘stirnate of n. The 
norma1iratton of tile Str”Cture functions at a 
parficular value of x is primarily determined by the 
fitted input pat-ton distributions. The situation is 
somewhat difierent for high-pT processes involving 
one or more hadronic jets. There the cross secrian 
is proportfonal to One or more powers of c$ and, 
therefore, the narma1ization Of the cros8 section 
itself provides a constraint on A. I” addition, the 
normdizarian also depends on the relevant partan 
distributions which, in turn, provides another 
indirect constraint on h via the evolution 
equations. A COtUpEhe”SiW analysis would, 
therefare. consist of simlcaneously fitting data 
from deep inelastic scattering and ocher hard 
scattering processes. The free parameters would 
include A and those necessary to describe the input 
parton distributions. 

Another point to remember is one related to the 
k&m” correlation meneioned previously for deep 
inelastic scattering. AS long as one uses a con- 
sistent set of parton distributions with the 
appropriate ,, value for making predictions for hard 
scattertng processes the apparent SensitiYity to 
ChoiceS of the g1uon distribution will be reduced. 
This is Shcw” explicitly’ where nearly identical 
predictions for direct photon production were 
obtained using the two different sets of parton 
distributions. Similar results were also found for 

high-pT hadron production. This further emphasizes 
the need tnr tirting a variety Of different 
observables each of which is sensitive to different 
combinations of partan distribueions and which are 
sub,ecc to different systematic errors. 

4. uncertaimies in *arton Dfstr*bJtio.B 

when making predictions for hard scattering 
processes in new kinematic regions it is important 
tn haYe at lease a qualitative estimate regarding 
the uncertainties in the parton dirtribcuion 
functions used. ABssuming that the probleros of a 
strictly numerical “azure are under control, there 
can still be differences resulting from variations 
in A, the initial parton distributions, the 
treatment of heavy flavors, etc. Several of these 
points have been discussed in detail.8 

First, consider the evolution of the parton 
distributions. It is impnrtant to remember that the 
distributions at large x and small Q* feed down to 
the distributions at small x and large Q* as a 
result Of the Str”Cture Of the evolution equations. 
For example. radiation of gluons from the valence 
quarks causes the glum distribution to change. 
Similarly, the g1uons feed the quark sea via 49 pair 
creation. Of all Of the distributions, those of the 
valence quarks are ctle IJest measured. Therefore, 
differences due to variarions in the initial glum 
and sea distributions tend to be reduced at high Q* 
since a large part oi the evolution comes from the 
better known valence distributions. Another point 
to remember is that at very small x values none of 
the disrributions are well measured. Thus. one 
might expect that this would lead co additional 
uncertainties in the small x high Q* parron 
distribution extrapalafions. However, the same feed 
down effect mentioned above helps here. as well. 
The dominant sources of low x high Q* partons are at 
larger x and lover Q* values. The basic conclusion. 
the”, 18 that the structure of the evolution 
equarions tends to reduce the effects Of the 
uncertainties in the initial distributions when one 
goes to very high values of Q*. 

Anocher source of uncertainry in the evolved 
parton distrib”tio”S is related to the treatment of 
heavy flavors. The Q* range available at the ssc 
necessitates the inclusion Of b and t quark 
distributions in the calculation of many hard 
scattering proCeSSeS. The usual technique for 
estimating heavy quark distributions is to assume 
that they are zero below some threshold value of 
Q2. As the threshold is crossed, the number of 
flavors is increased by one and the corresponding 
heavy quark distribution is generated by the 
evolution equatb3ns. llsuauy this procedure is 
carried O”t using the massleSS splitting functions 
60 chat the estimates are reliable only when one is 
far above the respective threshold. I” principle, 
one can (and should) include the effects of the 
quark masse8 in the evolution equations in a 
cO”SiSte”t manner. some efforts in this direction 
are currently underway. 

5. summary and Co”cl”sions 

The following is a list Of the ma,or points 
relevant to pZUt0” distributions which were 
discussed during the Summer Study. mere 
appropriate, references to decalled reports 
conrained in these proceedings are given. 

a) IL appears likely that the parton model 
prescription Will still be applicable in the small I( 
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and high Q* regions relevant for hard scattering 
calculations at the ssc. This topic is discussed in 
detail in the report of the small x working group. 

b) The numerical problems encountered for x<lO-3 
and Q2>105 (GeV/c)* can be controlled in a 
relatiYely straightforward fashion. This topic is 
discussed in detail by wu-Ki Tung in his report. 

Cl M-jet analyses following’ may be used to 
provide qualitatiw information on the evolution of 
parto” distributions in the high Q* r&on available 
at the ssc. The primary resrriction on the use of 
this technique is the lack Of the relevant next-to- 
leading order calculations. HOWeYer, there are 
other hard scestering processes for which the 
caiculations have been done and which should be 
observable at the SC. A prime example is direct 
photon production. 

d) For measurements Of n one can get some 
information from the various hard GCaLtering 
processes alluded to above. However, the kgluon 
correlation implies that a joint analysis of a 
variety of processes Will be required to 
significantly reduce the errnr on A. I” this 
regard, the fixebtargec option is crucial for 
obraining imyartant information from deep inelastic 
scattering. 

e) current parton distributions differ mast in the 
choice of the &vx, distribution and the corres- 
bonding fitted value of h, reflecting our current 
lack of detailed information on the giuon distri- 
bution. This situation will change for the better 
with improved meaS”reme”tS Of the “on-singlet 
str‘Ucture function xF3. However. only moderate 
im~ro”eme”t can be expected in the foreseeable 
future from the currently approved neutrtno 
program. A high statistics experiment in the 
expanded x-Q* range available at the ssc fixed- 
tar&?st facility would be invaluable in resolving 

this situation. For now, the best that one can do 
is to give representative sets of distributions 
WhiCh reflect these uncertainties. 

f) mere is room for imprownent in the calculation 
of the heavy quark distributions, olost notably by 
the inclusion Of mass effects. 
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Fig. 1. ReS”ltS far the effective Gtr”Ct”re 
f”“ctio” F(X.92) as defined in m..(Z). The data 
are from ~ef. 2 (open circles) and Ref. 3 (solid 
CiXkS). me cur-yes are predictionS based 0” 
the set 1 disEribucionS.’ me daehed curye ha; 
92-4 (G&/d2 while the lower solid cur-Ye has q 
= 2000 (WiC)2. The upper solid curve has been 
scaled upwards by a “K factor” of 1.6. The 
dotted curve is the prediction for 92 = I 
(W/C)Z. 
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Fig. 2. me effective parton-parton angular 
distribution in the p~~tOll-p~~t”” cenrer-of- 
momentum frame. me data are from Ref. 2 (open 
circles) and Ref. 3 (solid circles). me cur”e is 
the pmucrion of qm based on two-body scattering 
subprocesses. 
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Fig. 3. Predictions for F at several values of x 
based on the two sets of die ritmrions.’ E The vertical 
lines indicare in each case tile range in 92 o”er which 
data were fitted. 
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